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net $\mathcal{O}-\mathfrak{U}(\mathcal{O})$ of local observables Property $\mathrm{B}$ ,
$\mathfrak{U}(\mathcal{O})$ type III) ,
( , [1]) ,
2Superselection sector
Cuntz
, C*- $\mathfrak{U}$ (endomorphisms) End(U)











(i.e., $\forall c:\in \mathbb{C}\mathrm{s}.\mathrm{t}$ . $|c_{1}|^{2}+|c_{2}|^{2}=1$) ,
“superposition principle” $\text{ }$ , $\psi_{1}=\psi_{e},$ $\psi_{2}=\psi_{P}$
,
, $\psi$ , $|c_{1}|^{2}$ $|c_{2}|^{2}$
, ,
( “Schr\"odinger-cat state”), ,
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) “superselection sector” ( “coherent







$A\mapsto\pi(A)=(\begin{array}{llll}\ddots 0 00 A_{\epsilon} 0 \vdots\vdots 0 A_{p} 00 0 ...\end{array})$ $(.\cdot....P(e$
,
$\langle\psi|\pi(A)\psi\rangle$ $=$ $|c_{1}|^{2}$ $\langle$ \psi $|A_{e}\psi_{e}\rangle$ $+|c_{P}|^{2}\langle\psi_{P}|A_{P}\psi_{P}\rangle$
$=$ $Tr(|c_{1}|^{2}|\psi_{e}\rangle\langle\psi_{e}|A_{e}+|c_{P}|^{2}|\psi_{P}\rangle\langle\psi_{P}|A_{P})$
$=$ $Tr\rho_{\psi}\pi(A)$
$\text{ }$ , $c_{1}\psi_{e}+c_{2}\psi_{P}$ “superposition” [ $\mathrm{t}\mathrm{e}$





, , $C=F(n_{B}, n_{l}, e, m),$ $\mathrm{s}.\mathrm{t}$ . $C\psi_{e}=F(0,1, -1, m_{\mathrm{e}})\psi_{e}$ ,
$C\psi_{P}=F(1,0,1, m_{P})\psi_{P},$ $F$ ($0,1,$ $-1$ , m )\neq F $(\mathit{1},0, 1, m_{P})$
) , $C$
$\pi(A)$ $[C, \pi(A)]=0$ , $\mathfrak{U}$ ( $\pi$ )
, : $C\in 3_{\pi}(\mathfrak{U}):=\pi(\mathfrak{U})’’\cap\pi(\mathfrak{U})_{\text{ }^{}\prime}$ Superselection





? , ( ,





von Neumann , Hilbert $+\mathrm{s}\mathrm{u}\mathrm{p}\mathrm{e}\mathrm{r}\mathrm{p}\mathrm{o}\mathrm{s}\mathrm{i}\mathrm{t}\mathrm{i}\mathrm{o}\mathrm{n}$ $\mathrm{p}\mathrm{r}\mathrm{i}\mathrm{n}\mathrm{c}\mathrm{i}\mathrm{p}\mathrm{l}\mathrm{e}+\mathrm{D}\mathrm{i}\mathrm{r}\mathrm{a}\mathrm{c}$
, dual
unitary , ( )
un\’itary disjointness
, disjoint $=$ ,
, [disjoint ]\Leftrightarrow [ $=$
] $\Leftrightarrow$ [$\mathrm{s}\mathrm{u}\mathrm{p}\mathrm{e}\mathrm{r}\mathrm{s}\mathrm{e}\mathrm{l}\mathrm{e}\mathrm{c}\mathrm{t}\mathrm{i}\mathrm{o}\mathrm{n}$ rule ], (
disjointness , unitary )
, superselection rule ,
disjoint $=$ ( , order
parameters ) , ,
, (superselection) sectors ,
( $=$ ) ( , )
Superselection rules , ,
,
, $\mathcal{O}$ $\mathfrak{U}(\mathcal{O})$
, III von Neumann , g
, ( , minimal units)
, $(\mathbb{C}1)$ factor . factor
, order parameters
$=$ (pure phase)
, $=\mathrm{o}\mathrm{r}\mathrm{d}\mathrm{e}\mathrm{r}$ parameter , sectors $=$
pure phases
, , disjointness,
superselection rule and sectors , . . ,
,
3DHR selection criterion &End(2)
, superselection sectors ,
End(U)/Inn(U) ? Doplicher-Haag-









“sector” , field algebra $S$ (
) $\mathfrak{H}$ , $G$
(minimal) , field algebra $S$




“univalence charge” $k,$ $k^{2}=1$ , $G$ ) , $S$ G-
$\mathfrak{U}\equiv$ , sector
, , disjoint $\mathfrak{U}$ factor $=\mathrm{p}\mathrm{u}\mathrm{r}\mathrm{e}$ phase
sector , $(S, G)$ sector










, ( $\pi$ , field algebra $S$ , $U$
$G$ $\mathfrak{H}$ unitary , group dual $\hat{G}$ $G$
$(\gamma, V_{\gamma})$ $(\pi_{\gamma}, \mathfrak{H}_{\gamma})$
$\gamma\in\hat{G}$ observable
algebra $\mathfrak{U}\equiv S^{G}$ , sector
[2] , ,
$3_{\pi}( \mathfrak{U})=\pi(\mathfrak{U})’’\cap\pi(\mathfrak{U})’=\bigoplus_{\gamma\in\hat{G}}(1_{\mathfrak{H}_{\gamma}}\otimes 1_{V_{\gamma}})\cong l^{\infty}(\hat{G})$
(2)
, sector parametrize order parameter($=\pi(\mathfrak{U})’’$ )
$\hat{G}$
$[3]_{\text{ }}$
, Doplicher, Haag, Roberts , [S&
$G$ $\mathfrak{U}\equiv$
$G$ sector structure ] conventional
, [$\mathfrak{U}(+\mathrm{s}\mathrm{o}\mathrm{m}\mathrm{e}\mathrm{t}\mathrm{h}\mathrm{i}\mathrm{n}\mathrm{g})$ x&G
?] $\mathfrak{U}\equiv$ sector
$G=Aut_{\mathfrak{U}}(S)=$ {$\tau\in Aut(S);\tau(A)=A$ for $\forall A\in \mathfrak{U}$} $=:Gal(S/\mathfrak{U})$
, $S$ $G$ Galois Galois , , $G,$ $\mathfrak{U}$ 3
2 1 , $\mathfrak{U}1$
$G2$
“$\mathfrak{U}(+\mathrm{s}\mathrm{o}\mathrm{m}\mathrm{e}\mathrm{t}\mathrm{h}\mathrm{i}\mathrm{n}\mathrm{g})$” “something” [ ,
$G\Rightarrow\hat{G}\ni\gamma\Rightarrow\pi_{\gamma}\in Rep(\mathfrak{U})$ , G-
charge $\pi_{0}\equiv\pi_{\iota}$ ( $\iota:G$ trivial ) $G$-charge $\gamma\in\hat{G}$
( sector $\pi_{\gamma}$ ) ? ,
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sector , charge $\overline{\gamma}(\mathrm{s}.\mathrm{t}. \iota\subset\gamma\oplus\overline{\gamma})$
$\gamma$ , “Behind-the-Moon” argument
, DHR selection criterion [2]
, ,
, $\mathcal{O}[\in \mathcal{K}:=$ {(a+V $(b-V_{+});a,$ $b\in \mathbb{R}^{4}$ } $:\mathrm{M}\mathrm{i}\mathrm{n}$kowski
double cones] $(\mathrm{W}^{*}-)$
$\mathfrak{U}(\mathcal{O})$ local net $\mathfrak{U}$ of observables $\mathcal{K}\ni \mathcal{O}\mathfrak{U}(\mathcal{O})\underline{\mathfrak{U}}$
Einstein causality , $\mathcal{O}_{1}\subset \mathcal{O}_{2}’:=\{x\in \mathbb{R}^{4}$ ;
$(x-y)^{2}<0$ for $\forall y\in \mathcal{O}_{2}$ } $\Rightarrow[\mathfrak{U}(\mathcal{O}_{1}), \mathfrak{U}(O_{2})]=\{0\}$ , Poincare’
$\mathcal{P}_{+}^{\uparrow}=\mathbb{R}^{4}nL_{+}^{\uparrow}\ni(a, \Lambda)\mapsto\alpha(a,\mathrm{A})(:\mathfrak{U}(\mathcal{O})arrow \mathfrak{U}(a+\Lambda(\mathcal{O})))$
Isotony $\mathcal{O}_{1}\subset \mathcal{O}_{2}\Rightarrow \mathfrak{U}(\mathcal{O}_{1})\subset \mathfrak{U}(\mathcal{O}_{2})$
, $(\mathrm{C}^{*}-)$ global observable algebra $\mathfrak{U}:=C^{*}-\lim \mathfrak{U}(\mathcal{O})$
$arrow$
$\mathcal{O}\nearrow \mathbb{R}^{4}$
, $\mathfrak{U}$ $\omega$ double cone $\mathcal{O}$ charge
, $\mathcal{O}_{a}:=\mathcal{O}+a$ (Va $\in \mathbb{R}^{4}$ )
, :
$\pi_{\omega}$ $\mathfrak{U}(O_{\mathrm{a}}’)0\cong\pi$ $\mathrm{r}_{\mathfrak{U}(\mathcal{O}_{\acute{a}})}$ . (3)
, $\mathfrak{U}(\mathcal{O}’):=C^{*}-$ $\lim$ $\mathfrak{U}(\mathcal{O}_{1})_{\text{ }}$ Local net
$arrow$
,
$\mathrm{j}\mathrm{E}\dagger\ovalbox{\tt\small REJECT} \mathrm{f}\mathrm{f}^{1}\text{ }\mathfrak{l}+\mathcal{K}\ni \mathcal{O}\subset \mathcal{O}’$
, selection criterion
, $\mathfrak{U}$ [2]: $[\mathfrak{U}$
pure vacuum $\omega 0$ GNS $(\pi 0,\mathfrak{H}0)$ Haag duality $\pi \mathrm{o}(\mathfrak{U}(\mathcal{O}’))’=$
$\pi_{0}(\mathfrak{U}(\mathcal{O}))’’$ ]\sim DHR selection criterion (3) ,
$\rho(A)=A$ for $\forall A\in \mathfrak{U}(\mathcal{O}’)$ (4)
$\mathcal{O}$ $\rho\in End(\mathfrak{U})$ $\pi_{\iota v}=\pi_{\mathrm{O}}0\rho$
$\pi_{\omega}$ unitary $\pi_{(v}\mathrm{o}$ Inn(U) $=$
{ $\pi_{\iota u}\mathrm{o}Ad(u);u\in \mathcal{U}(\mathfrak{U})$ :unitaries in $\mathfrak{U}$} , , $\mathfrak{U}$ superselection






, [ $\mathfrak{U}$ (+something)\Rightarrow &G] $”+\mathrm{s}\mathrm{o}\mathrm{m}\mathrm{e}-$
thing” ,$\ll \mathrm{s}\mathrm{t}\mathrm{a}\mathrm{t}\mathrm{e}\mathrm{s}$ $\omega$ characterized by DHR selection $\mathrm{c}\mathrm{r}\mathrm{i}\mathrm{t}\mathrm{e}\mathrm{r}\mathrm{i}\mathrm{o}\mathrm{n}\Leftrightarrow\pi_{\omega}=\pi_{0}\circ\rho$
with local endomorphisms \rho \in End(U) End$(\mathfrak{U})$
, $\mathrm{C}^{*}$-tensor category :objects endO-
morphisms ;object $\rho$ object $\sigma$ morphism $T\rho(A)=\sigma(A)T$
intertwiner T\in U DHR selection criterion local endO-
morphisms $\mathcal{T}$ ( $DR$ category ) End(U) full subcategory
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, DHR , [U&T: $\mathrm{D}\mathrm{R}$ category \Rightarrow &G]
?
Bosonic fields $\mathfrak{U}$ unobservable fermionic fields
recover $\text{ }$ , spin , $G$
, DHR 2 70
, $G$
, ’90 $[4]_{\text{ }}$
Cuntz $[5, 4]$
4 $\mathrm{D}\mathrm{R}$ category $-\mathcal{O}_{\rho}$ and $\mathcal{O}_{d(\rho)}$
F&G sector structure DHR analysis (1), (2)
, \kappa & $[\mathfrak{U}(+\mathrm{s}\mathrm{o}\mathrm{m}\mathrm{e}\mathrm{t}\mathrm{h}\mathrm{i}\mathrm{n}\mathrm{g})]$ something
$\hat{G}$
, Fourier duality R , $G$:abelian
Pontrygin duality,




field algebra ff $G$ $G=Gat(S/\mathfrak{U})$
$\pi_{0}(\mathfrak{U})’$ $=\mathbb{C}1$ , $\rho\in \mathcal{T}$
$H_{\rho}:=$ { $\psi\in$ ; $\psi A=\rho(A)\psi$ for $\forall A\in \mathfrak{U}$ } $\subset$ (5)
algebra $S$ Hilbert $H_{\rho}$ $[\cdot.\cdot)\psi_{1},$ $\psi_{2}\in H_{\rho}\Rightarrow(\psi_{1}^{*}\psi_{2})A=$
$\psi_{1}^{*}\rho(A)\psi_{2}=(\rho(A^{*})\psi_{1})^{*}\psi_{2}=A(\psi_{1}^{*}\psi_{2})\Rightarrow(\psi_{1}^{*}\psi_{2})\in\pi_{0}(\mathfrak{U})’$
$=\mathbb{C}1$],
$G$ unitary $\gamma_{\rho}$ $\gamma_{\rho}(g)\psi=g(\psi)$ $\text{ }$ $\rho$ $\sigma$
intertwiner $T\in \mathfrak{U}=$ $G$ $G$- intertwiner :
$(T\psi)A$ $=$ $T\rho(A)\psi=\sigma(A)T\psi\Rightarrow T\psi\in H_{\sigma}$ ;
$T\gamma_{\rho}(g)\psi$ $=$ $Tg(\psi)A=g(T\psi)=\gamma_{\sigma}(g)(T\psi)\Rightarrow T\gamma_{\rho}(g)=\gamma_{\sigma}(g)T$.







$\mathcal{O}_{d}$ $\rho\in \mathcal{T}$ $\mathcal{O}_{\rho}$
$[5]_{\text{ }}$
Conjugate $\overline{\rho}$
$\mathrm{D}\mathrm{R}$ category $\mathcal{T}$ , $\rho\in \mathcal{T}$
$d(\rho)\in \mathrm{N}$




$\rho^{n}$ intertwiners $*$ - $\mathcal{O}_{\rho}(\subset \mathfrak{U})$
simple $\mathrm{C}^{*}$- $\mathcal{T}$






$\mathcal{O}_{d})$ spectrum stabilizer group $G$ $SU(d)$ subgroup
, $\mathcal{O}_{\rho}\simeq \mathcal{O}_{d}^{G}$ , ,
$\mu$ : $\mathcal{O}_{d}^{G}\mapsto \mathfrak{U}$ $G$-module $d=d(\rho)$
Cuntz $\mathcal{O}_{d}$ ,
Hilbert category H $\mathrm{D}\mathrm{R}$ category
$\mathcal{T}$ $\mathrm{C}$ ’-tensor functor $V$ : $\mathcal{T}^{\epsilon}arrow Hilb$ , $End_{\otimes}(V)$ , $V$





$T\downarrow$ $T\downarrow$ $O$ $\downarrow T$
$\rho_{2}$ $V_{\rho_{2}}$
g-3 $V_{\rho_{2}}$
, $G$ , $V$ $\mathcal{T}$
, Lie $G\subset SU(d)$ unitary category
RepG : $\mathcal{T}\simeq RepG\Leftrightarrow G=End_{\otimes}(V)$ : -Krein
, $g_{\rho}=\gamma_{\rho}(g)$ , $Tg_{\rho_{1}}=g_{\rho_{2}}T$




$G$- ( $\mathrm{b}\mathrm{i}$-representation) $G$
$S= \mathfrak{U}\bigotimes_{\mathcal{O}_{d}^{G}}\mathcal{O}_{d}$






universality problem $S$ , Cuntz
$\mathcal{O}_{d}$ generators $\psi_{\dot{\iota}},$ $i=1,2,$ $\cdots,$ $d,$ $\psi_{i}^{*}\psi_{j}=\delta_{\dot{\iota}j}1$ , $\sum_{j}^{d}=1\psi_{i}\psi_{i}^{*}=1$ ,
canonical endomorphism $\sigma(C):=\sum_{\dot{l}=1}^{d}\psi_{i}C\psi_{\mathrm{i}}^{*}(C\in \mathcal{O}_{d})$ ,




\psi .. $\psi_{j_{r}}\hat{\psi}_{j_{1}}\cdots\hat{\psi}_{j_{s}}C$ (7)
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, $A_{i}\in \mathfrak{U},$ $\psi_{\ovalbox{\tt\small REJECT}}\in h_{d},$ $C\in O_{d\mathrm{o}}\mathbb{P}_{d}(i)$ $p(1)\ovalbox{\tt\small REJECT} i$




$R=$ $1/d^{1/2} \mu(\sum_{i=1}^{d}\psi_{:}\hat{\psi}_{i})\in \mathcal{T}(\iota, \rho^{d})$ (9)
, $\mathfrak{U}’\cap S=\mathbb{C}1$ , ,
$G$- $S$ $[6, 4]_{\text{ }}S$ local net structure
Hilbert spaces $H_{\rho},$ $\rho\in\Delta(\mathcal{O})$ , (5) ,
local $\mathrm{W}^{*}$-algebras $\mathcal{O}$) ,
$\mathfrak{U}\mathrm{y}$
$\mathrm{e}arrow$






$\wedge$ $G=End_{\otimes}(\mathcal{T}\mapsto Hilb)=Gal(S/\mathfrak{U})$ .
$S= \mathfrak{U}\bigotimes_{\mathcal{O}_{d}^{G}}\mathcal{O}_{d}$
field algebra , $\mathfrak{U}$ Galois ( $\mathfrak{U}=$
+G=Gal( /U) $)$ , Galois $G$
-Krein duality







$\mathcal{O}_{d}$ , $G$ $H_{\rho}=Lin\{\psi_{1}, \cdots, \psi_{d(\rho)}\}$
$\overline{7^{-}}\grave{J}^{\backslash }J\mathrm{K}\mathrm{s}\text{ }l^{\vee}.\text{ }\cdot\supset\subset\vee*\text{ }$ , $\mathrm{W}\mathrm{e}\mathrm{y}1\backslash \mathrm{f}\mathrm{f}\mathrm{i}\text{ _{}\overline{\mathrm{P}}}\#\mathrm{E}\ovalbox{\tt\small REJECT}\iota_{arrow}^{\vee}\mathrm{x}\Rightarrow\grave{1}\mathrm{E}\text{ }$ $\mathrm{f}\mathrm{t}\text{ ^{}\gamma_{X\lrcorner}}$

















, $G$ non-trivial $\hat{\varphi}^{j}(x)$
observable $\langle$ , G-

















, [ ] ,
[ ]
, [aprioirism starting
from $adhoc$ postulates $=$ $\langle$ $\mathrm{a}\mathrm{d}$ hoc
apriori ] , ad hoc postulates
,




$l\mathrm{f}$ $1\mathrm{a}$ ] $\nabla$
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,
, , unbroken [$S$ G-
$G$ unitary implementer $U$ ], ,
, ( ) $\mathrm{a}\mathrm{n}\mathrm{d}/\mathrm{o}\mathrm{r}$
,

















2. selection criterion ( , $G$ $\hat{G}\mathrm{a}\mathrm{n}\mathrm{d}/\mathrm{o}\mathrm{r}$
RepG duality , duality ?
) , order parameter ,
, selection criteria
order parameters , [generic
,
] ,
, 1., 2. $\langle$ $\mathrm{D}\mathrm{R}$ theory






with classifying space of sector
$($ : $c)]$
$\mathrm{i}\mathrm{i}\mathrm{i})\Uparrow$














pure state $\omega\in E\mathfrak{U}$ DHR selection criterion $\pi_{\omega}\lceil_{\mathfrak{U}(O_{\acute{a}})}\cong\pi_{0}\mathrm{r}\mathfrak{U}(\mathcal{O}_{\acute{a}})$
charge , :DHR-selected
state $\omega\in E_{\mathfrak{U}}\mathrm{G}\mathrm{N}\mathrm{S}- \mathrm{r}\mathrm{e}\mathrm{p}\Rightarrow$ . $[\pi_{\omega}\in\{\pi 00\rho;\rho\in \mathcal{T}\}(\subset Rep\mathfrak{U})]^{\mathrm{D}}\Leftrightarrow^{\mathrm{H}\mathrm{R}}[\rho_{\omega}\in \mathcal{T}(\subset$
End(U) $)$ $\mathrm{D}\mathrm{R}\simeq RepG]\Leftrightarrow[\gamma_{\rho_{w}}\in\hat{G}(\subset RepG)]$ ,
, field algebra $S$ ( $\pi$, $\omega\in E\mathfrak{U}$
$(\pi_{\gamma},\mathfrak{H}_{\gamma})$ $\omega$ $G$-charge\gamma \rho \mbox{\boldmath $\omega$}\in G
output process operational
, $Spec(3_{\pi}(\mathfrak{U}))=\hat{G}$ select charged states
$G$-charge contents (I 0. [3]) $\text{ }$




$\mathrm{D}(\mathrm{H})\mathrm{R}$ , selection criterion
, [DHR-selected representations of $\mathfrak{U}$] $\Leftrightarrow[\mathrm{D}\mathrm{o}\mathrm{p}\mathrm{l}\mathrm{i}\mathrm{c}\mathrm{h}\mathrm{e}\mathrm{r}$-Roberts category










$\bullet$ $\mathrm{S}\mathrm{S}\mathrm{B}\Rightarrow \mathrm{H}\mathrm{a}\mathrm{a}\mathrm{g}$ duality [10]: $\mathfrak{U}^{d}(\mathcal{O}):=\mathfrak{U}(\mathcal{O}’)’\neq \mathfrak{U}(\mathcal{O})$
( $\mathfrak{U}^{d}=\mathfrak{U}$ $\mathrm{D}\mathrm{R}$ theory unbroken symmetry ! ) Dual
net $\mathcal{O}-\mathfrak{U}^{d}(\mathcal{O})$ , essential duality $\mathfrak{U}^{dd}=\mathfrak{U}^{d}$
, Wightman-type QFT
dual net $\mathfrak{U}^{d}$ , local net $\mathfrak{U}$ ,
$\text{ }$ local net $($consisting of Borchers-class observable $fields)_{\text{ }}$
$\bullet$





$\bullet$ (I 0. [3]):
Definition 1 $G$ field alge $bra$ $S$ ( )
, $S$ $(\pi,\mathfrak{H})$ $3_{\pi}(S)=3(\pi(S)’’)$
spectmm ( , $\pi$ $\mu$
) $G$ , unbroken
, $(\pi, fi)$
Remark 2 $7\backslash$ U , unitary implementabihty factor
($=triviality$ of \mbox{\boldmath $\alpha$}nt\rightarrow (I. O. f99)
order pammeter , $G$ ,
Remark 3 $SSB$ , $bwken_{f}$ unbroken
$Spec(3_{\pi}(S))$ G-
, centml ergocticity $l\mathrm{J}$
, $G$ -unbroken factor centrally $G$-eryodic non-factor
, spectrum phase diagram
, $G$
field algebra ?
$\Rightarrow \mathrm{H}\mathrm{o}\mathrm{w}$ to identify field algebra(IO):
- $H\mapsto G$ :
$H$ unitary $(\eta, W)$ $H$
$(\eta’, W’)$ $G$ $(\gamma, V)$
: $\gamma|_{H}\cong\eta\oplus\eta_{\text{ }^{}\prime}$
-Field algebra :
Proposition 4(Nozawa-I.O.) (Dual-net algebm $\mathfrak{U}^{d}$
C ) $\mathfrak{U}^{d}$ Cu$ntz$ $\mathcal{O}_{d_{0}}$
field algebm $S$ , $\mathfrak{U}^{d}$ $d(>do)$ Cuntz $\mathcal{O}_{d}$
:
$S:= \mathfrak{U}^{d}\bigotimes_{o_{d_{0}}^{H}}\mathcal{O}_{d_{0}}\cong \mathfrak{U}^{d}\otimes \mathcal{O}_{d}\mathit{0}_{d}^{H}$
.
$d$ , $d(>d_{0})$
compact Lie $G(\supset H)$
: $g(\mathfrak{U}^{d})=\mathfrak{U}^{d}$ $g\in G$ $N_{H}:=\{s\in$





, SSB field algebra
$:= \mathfrak{U}^{d}\bigotimes_{\mathcal{O}_{d_{0}}^{H}}\mathcal{O}_{d_{0}}$
, ( $G$ :compact
)
- $G$ of SSB : $G:=Gal(S/\mathfrak{U})=$ {g\in Aut( ); $g(A)=A$
for $\forall A\in \mathfrak{U}$} $\supset H(\cdot.\cdot)\mathfrak{U}\subset \mathfrak{U}^{d})_{\text{ }}$ $G$ , compact or
locally compact Lie ,
$\bullet$ (Generalized) sector u ” :
coupling , field algebra $\hat{S}:=\Gamma(G\cross S)H$
(I 0) ( )
:
Proposition 5 $(\mathrm{I}.\mathrm{O}. [3])$
$3_{\overline{\pi}}(\mathrm{f}\mathrm{f})=L^{\infty}(H\backslash G;d\dot{g})=3_{\hat{\pi}}(\mathrm{f}\hat{\mathrm{f}})$;
$3_{\overline{\pi}}(\mathfrak{U})=1_{L^{2}(G/H,d\dot{g})}\otimes 3_{\pi}(\mathfrak{U})=1_{L^{2}(G/H,d\dot{g})}\otimes l^{\infty}(\hat{H})$ ;
$3_{\overline{\pi}}(\mathfrak{U}^{d})=L^{\infty}(H\backslash G;dj)\otimes 3_{\pi}(\mathfrak{U}^{d})=L^{\infty}(H\backslash G;d\dot{g})\otimes l^{\infty}(\hat{H})$ .
( , $\overline{\pi}$ $H$- $\psi(gh)=U(h^{-1})\psi(g)(g\in G, h\in H)$
$\psi\in L^{2}(G;\mathfrak{H})$
$(\overline{\pi}(F)\psi)(g):=\pi(\tau_{g^{-1}}(F))\psi(g)$ $(F\in S)$
$S$ $d\dot{g}$ $H\backslash G$ Haar )
[Selection criterion \Rightarrow ] c-q channel $\mathfrak{U}^{d}$
$\Psi$ dual map:
$\Psi$ : $\mathfrak{U}^{d}\ni B\mapsto\Psi(B)\in C(H\backslash G)\otimes 3_{\pi}(\mathfrak{U}^{d})$ ,
$[\Psi(B)](j, \eta):=(\omega_{0}0\rho_{\eta}\mathrm{o}m_{H})(\tau_{g^{-1}}(B))$ for $(j, \eta)\in(H\backslash G)\cross Spec(3_{\pi}(\mathfrak{U}^{d}))$ .
$\rho_{\eta}$ : $\mathfrak{U}^{d}$ $\mathrm{D}\mathrm{R}$-category $\mathcal{T}_{\mathfrak{U}}d$ , $g\in G$
$j=Hg\in H\backslash G$
, Haag duality
$\mathfrak{U}\neq \mathfrak{U}^{d}$ , , $G$- $\mathfrak{U}^{d}=S^{H}$
, parametrize order
parameter $j\in H\backslash G$
\Rightarrow \rightarrow
-Krein $H\backslash G$ :
category RepG, RepH, $RepH\backslash G$ $RepH\backslash G\mathrm{c}arrow RepGarrow$
RepH , $RepH\backslash G$ homotopy fibre RepH
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$h\mathrm{o}m\mathrm{o}t\mathrm{o}py\mathit{4}bre$ category RepG $(\mathrm{S}. \mathrm{M}\mathrm{a}\mathrm{u}\mathrm{m}\mathrm{a}\mathrm{r}\mathrm{y})_{0}H$
$t\mathrm{C}$ RepH homotopy fibre , $H\backslash G$
( - , 1966) (I 0) $\ovalbox{\tt\small REJECT}$
Order parameter, Goldstone modes :
i) $H\backslash G\ni\dot{g}$ : 0-energy mode parametrize





$\mathrm{i}\mathrm{i})\dot{g}\in H\backslash G$ pure vacuum
$\hat{H}$ : , $\pi(\mathfrak{U})’’=\pi(\mathfrak{U}^{d})’’$ ,
$3_{\pi}(\mathfrak{U})=3_{\pi}(\mathfrak{U}^{d})=l^{\infty}(\hat{H})$ , $\mathfrak{U}$ $\mathfrak{U}^{d}$ b)
$\mathrm{i}\mathrm{i}\mathrm{i})$ Goldstone mode : ) gap $\mathfrak{U}(\mathcal{O})\subset \mathfrak{U}^{d}(\mathcal{O})$ ,
$)\nu \text{ }.[]\mathrm{h}$ gap $\overline{\pi}(\mathfrak{U})’’\neq\subset\overline{\pi}(\mathfrak{U}^{d})’’$ H5 ff‘
gap $\text{ }$ origin , $\hat{G}$ cO-action
$\delta$
$\mathrm{f}\mathrm{f}=$
$\mathrm{x}_{\delta}\hat{G}$ ; $\mathfrak{U}^{d}=S^{H}=S^{G}\mathrm{x}_{\delta}(\overline{H\backslash G})$ ,
( $\mathrm{W}^{*}$ -version , Nakagami-Takesaki, $\mathrm{L}\mathrm{N}\mathrm{M}731,1979$ )
, $\mathfrak{U}(\subset S^{G})$ $\mathfrak{U}^{d}$ gap
$H\backslash G$
$\mathfrak{U}^{d}$ G-non-invariant
, Goldstone mode ( ,
massless Goldstone spectrum
) $\text{ }$ , [pure vacuum $\omega 0$
$G$- , $\omega_{0}(\tau_{g}(\varphi))\neq\omega_{0}(\varphi)(g\in G\backslash H)$ ,
$\varphi$] $=$ [$\mathrm{G}\mathrm{o}\mathrm{l}\mathrm{d}\mathrm{s}\mathrm{t}\mathrm{o}\mathrm{n}\mathrm{e}$ mode]\Rightarrow [i) G-Orbit
$\{\omega 0\circ\tau_{g} ; g\in G\}\simeq G/H=Spec(3_{\overline{\pi}}(\mathfrak{U}^{d}))$ due to $3_{\overline{\pi}}(\mathfrak{U}^{d})=$




$G/H$ Goldstone mode ,
Goldstone version
, i) state level SSB-sector
structure , dual virtual
virtual ,
$\langle$ , pure vacuum ,
, “$G/H$ Goldstone degrees of freedom t
virtual search ”
143
$\mathrm{i}\mathrm{v})$ Goldstone $multiplet\ovalbox{\tt\small REJECT}$ Goldstone modes i)
condensates $\mathrm{W}$ $\mathrm{m}\mathrm{u}\mathrm{l}\ovalbox{\tt\small REJECT} \mathrm{p}\mathrm{l}\mathrm{e}\mathrm{t}$ ,
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